Background Studies of traumatic elbow instability sug-
Introduction
Numerous studies indicate traumatic elbow instability occurs in specific patterns [3, 5, 9, 12, 17] . Some authors [3, 5, 9, 12, 17] suggest that identifying the pattern of injury (ie, the combination and character of the fractures and joint displacements) helps to predict soft tissue injury and morphologic features of fractures, both of which may guide treatment. For examples, specific coronoid fracture types are associated with injury pattern [3] ; radial head fractures occur in posterior, but not anterior olecranon fracture dislocations [2] ; the anterior band of the medial collateral ligament remains intact when apposition of the articular surfaces is maintained (disruption or subluxation, rather than dislocation of the elbow) [2] ; lateral collateral ligament injury occurs in most varus posteromedial rotational instability injuries [4, 8, 10 ]-approximately 1 .
2 of posterior olecranon fracture dislocations and rarely among anterior olecranon fracture dislocations [2, 13] . These studies are limited to cases series from dedicated elbow surgeons [2, 3, 7, 9, 14, 15, 18] . To date, there are no studies investigating the reliability and diagnostic accuracy of these injury patterns and it is unclear how orthopaedic surgeons recognize these patterns of traumatic elbow instability.
We therefore determined (1) the interobserver reliability of identifying specific patterns of traumatic elbow instability on radiographs for subgroups of orthopaedic surgeons; and (2) diagnostic accuracy of radiographs for recognizing these patterns of injury.
Patients and Methods
In 2010, 148 independent orthopaedic surgeons from several countries were invited via email to evaluate radiographs of 53 patients with one of five common patterns of traumatic elbow instability, treated by the senior author (DR) between 2000 and 2006. Seventy-six surgeons who treat elbow trauma and were interested in participating logged onto the website (https://www.surveymk.com); 73 of these 76 surgeons (96%), completed the study. The study was performed under a protocol approved by the institutional research board at the principal investigator's hospital. Seventy-three observers agreed to participate.
Patients with traumatic elbow fractures and/or dislocations were identified from a list of all patients who were treated by the principle investigator between 2000 and 2006 at one level 1 trauma center. Inclusion criteria were: (1) traumatic elbow instability; (2) available injury radiographs of adequate quality (that included the entire injury and with adequate penetration; rotation and angulation issues typical of initial postinjury radiographs were not a reason for exclusion); and (3) age 18 years or older. Fifty-three cases were randomly selected from 80 patients that satisfied the inclusion criteria by two of the authors (one subspecialty-trained upper extremity surgeon, and one research fellow in upper extremity trauma), subject to the constraint that the sample contain at least four fractures of each of five common injury patterns [2, 3, 7, 9, 14, 15, 18] : (1) posterior radial head fracture dislocation (seven cases); (2) terrible triad injury (19 cases); (3) varus posteromedial rotational injury (four cases); (4) anterior olecranon fracture dislocation (five cases); and (5) posterior olecranon fracture dislocation (18 cases). Injury patterns were verified (eg, presence or absence, and the type of coronoid fracture and soft tissue injury) on operative exposure.
The senior author (DR) operated on all 53 fractures; the author's intraoperative diagnosis of injury pattern was the reference for fracture pattern when calculating the sensitivity, specificity, and accuracy and the positive predictive value (PPV) and negative predictive value (NPV) of radiographic diagnosis.
All radiographs were blinded by an independent research fellow for use in this study. The blinded radiographs were uploaded to the website of the Science of Variation Group (https://www.surveymk.com). On login to the website, observers received a short descriptive summary of the definitions of the five patterns of traumatic elbow instability, including references ( Fig. 1 ). Injury radiographs (of attempted AP and lateral views) of all 53 injured elbows were presented to the observers without clinical information (eg, age, sex, mechanism). Observers were asked only to classify each injury into one of the five groups. This question had to be completed to continue with the next case. Observers could comment on each case. The observers completed the study at their own pace.
The agreement among the observers was calculated by using a multirater kappa, described by Siegel and Castellan [16] . It is a commonly used statistic to describe chancecorrected agreement in various intraobserver and interobserver studies [1, 6, 11] . Zero indicated that there was no agreement beyond what was expected attributable to chance alone. The value of À1.00 meant total disagreement and +1.00 represented perfect agreement [6, 11] . The sensitivity, specificity, accuracy, and PPV and NPV of radiographic diagnosis with respect to the intraoperative reference standard were calculated using standard formulas. The PPV is the patient's probability of having an injury fracture pattern when the test is positive, and NPV is the probability of a patient not having an injury pattern when the test is negative.
Results
The overall interobserver reliability of identifying specific patterns of traumatic elbow instability on radiographs for subgroups of orthopaedic surgeons was j = 0.41 (SE, 0.003; range, 0.22 to 0.56). The surgeon observers were mostly men practicing in the United States (Table 1) . Additional analyses identified fair agreement in the following subgroups: European, Australian, and Asian observers; those who were in practice 5 years or fewer, or from 11 to 20 years; those who did not supervise trainees in the operating room; those who treated five or fewer elbow fractures per year; and shoulder and elbow specialists.
There were substantial differences in agreement between US and European observers (z = 22, p \ 0.001), those who were in practice for 5 or fewer years and 21 to 30 years (z = 3, p = 0.007), observers who supervised or did not supervise in the operating room (z = 2, p = 0.045), observers who treated five or fewer and greater than 20 elbow fractures per year (z = 13, p = \ 0.001), and orthopaedic trauma specialists and shoulder and elbow specialists (z = 11, p = \ 0.001). The variability was greatest for posterior fracture dislocation with or without fracture of the coronoid process (the terrible triad lesion) ( Table 1) .
The observers' diagnoses were greater than 80% accurate for all patterns except for the terrible triad lesion (Table 2 ; Appendix 1).
The diagnostic performance characteristics were best for the olecranon fracture dislocations (Table 3 ; Appendix 2).
Discussion
Numerous studies suggest that recognition of an injury pattern that helps predict soft tissue injury and guide treatment of traumatic elbow instability are limited to cases series from dedicated elbow surgeons [2, 3, 7, 9, 14, 15, 18] . Using a large online collaborative of experienced surgeons we studied the reliability and accuracy of the diagnosis of patterns of traumatic elbow instability on radiographs. If these patterns can be identified reliably and they are accurate, they would be useful to surgeons treating these complex injuries. We therefore determined (1) the interobserver reliability of identifying specific patterns of traumatic elbow instability on radiographs for subgroups of orthopaedic surgeons; and (2) the diagnostic accuracy of radiographic diagnosis.
We acknowledge the inherent weaknesses of this study. First, we did not determine intraobserver reliability. Single round studies are more practical and, we believed interobserver reliability was more important. Second, 90% of the participating observers were in academic practice (in terms of supervising trainees), which could create bias by overestimating agreement as surgeons in academic referral clinics might be more familiar with these relatively Fig. 1 The spectrum of elbow fracture patterns is shown.
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Recognition of Elbow Fracture Patterns 1375 uncommon injuries. Third, by design the ratings were determined in part by the quality of the initial injury radiographs that included the entire injury with adequate penetration, but also rotation and angulation issues typical of initial postinjury radiographs. The latter was not a reason for exclusion. We believe the quality of available radiographs reflected daily practice, which facilitates the application of our findings to current practice. Fourth, we did not study a variety of potential sources of variation, including cultural differences, standardized training of observers, electronically transmitted radiographs evaluated in regular JPEG format, computer and screen quality, and a designated viewer with which to view the radiographs. However, studies using a designated viewer might produce different results. We found the overall agreement was acceptable with the exception, perhaps, of identifying a small coronoid fracture on radiographs. The subgroup analysis suggests that greater ongoing experience with these injuries improves awareness and recognition of injury patterns, which might translate to improved treatment of these complex injuries. However, few of the observers treated more than 10 patients a year, reflecting the fact that these injuries are uncommon. We can only speculate about some of the differences in culture, training, and specialty. These data do confirm that one sees to some extent what one knows. Future studies will investigate the influence of training and more simplified ratings on interobserver reliability.
We found the lowest accuracy was in distinguishing between posterior elbow dislocation with fracture of the radial head and associated coronoid fracture. Radiographs alone may not be sufficient to identify a small coronoid facture. The ability of CT to improve reliability and accuracy of the diagnosis of injury pattern merits study. This argues that, where possible, these injuries might be best triaged to select surgeons who are interested in developing their expertise. Future studies might address the influence of CT on reliability and accuracy and the influence of injury pattern recognition on the treatment. AOFD = anterior fracture dislocation; PMRVI = posteromedial varus rotational injury; POFD = posterior olecranon fracture dislocation; PRH = posterior radial head fracture dislocation; TT = terrible triad; ** proportion of patients with an elbow fracture pattern X classified as pattern X (true positives); proportion of patients with no elbow fracture pattern X fracture dislocation classified as not having pattern X (true negatives); à proportion of patients who are correctly classified by the test. Proportion of true positive and true negatives; § probability that a patient with a positive plain radiograph for elbow fracture pattern X has pattern X; # probability that a patient with negative plain radiographs does not have pattern X.
